Background: Aberrant attentional processes in individuals with mood disorders -bipolar disorder (BD) and major depressive disorder (MDD) -have been well documented. This study examined whether unaffected youth at familial risk for mood disorders would exhibit poor alerting, orienting, and executive attention relative to age-matched controls. Methods: A sample of youth (8-17 years old) having one parent with either BD or MDD (Mood-Risk, n ¼ 29) and youth having healthy parents (HC, n ¼27) completed the Attention Network Test-Short version (ANT-S), which assesses alerting, orienting, and executive attention. Results: Relative to HCs, the Mood-Risk group had significantly slower reaction times on an index of executive attention, but no differences on indices of alerting or orienting. There were no differences between the two at-risk groups (i.e., youth with BD parent vs. youth with MDD parent) on any ANT-S measure. Limitations: The current study is limited by its cross-sectional design, small sample size, and failure to control for familial environmental factors. Conclusions: The findings extend previous results indicating that altered executive attention may represent an endophenotype for mood disorders in at-risk youth.
Introduction
Bipolar disorder (BD) and major depressive disorder (MDD) share some genetic and familial risk factors (McMahon et al., 2010) . Despite evidence demonstrating the heritability of these disorders with minimal contribution from shared environmental factors (e.g., McGuffin et al., 2003) , understanding their genetic underpinnings remains tenuous due to their complexity. Because of this challenge, researchers have begun to explore easy to assess and heritable neurocognitive endophenotypes that may mediate underlying genetic mechanisms and the expression of the disorders (Glahn et al., 2004 (Glahn et al., , 2010 (Glahn et al., , 2012 .
There is mounting evidence suggesting that deficits in attention may be a neuropsychological vulnerability marker for mood disorders (e.g., Harmer et al., 2002; Zakzanis et al., 1999) . Although many studies have examined attention as a single construct, there is a growing consensus to consider attention as a multidimensional system (Posner and Peterson, 1990) . This system is thought to encompass three specialized networks that subserve specific attentional functions: alerting (i.e., sustained attention and vigilance), orienting (i.e., selective attention to task informative visual cues), and executive attention (i.e., conflict processing) (Posner and Fan, 2004) .
Some previous studies have shown deficits in indices of alerting and executive attention in individuals suffering from mood disorders (e.g., Bora et al., 2009; Paelecke-Habermann et al., 2005; Holmes and Pizzagalli, 2008) . Additionally, poor performance on tasks indexing orienting abilities has been linked to unipolar depression (Paelecke-Habermann et al., 2005) and depressive symptomology in individuals with bipolar disorder (Jongen et al., 2007) . However, in order to demonstrate that a trait is an endophenotype, it also has to be shown that the trait is mood state independent and heritable (Gottesman and Gould, 2003) . Thus, studies have examined attention in unaffected relatives of individuals with mood disorders. Some studies (Bora et al. 2009; Brotman et al., 2009; Grunebaum et al., 1978; KlimesDougan et al., 2006; Zalla et al., 2004) tasks assessing executive attention and alerting. However, to the best of our knowledge no study has examined orienting problems in this population.
Of the few studies that have examined attentional processes in at-risk relatives, many have suffered from potential confounds such as medication effects and the presence of current/lifetime psychiatric disorders in some of the participants. Thus, the study of unaffected relatives, particularly youth, having a parent with either BD or MDD, represents an excellent opportunity to study premorbid vulnerability markers of mood disorders. The current study uses the Attention Network Test-Short version (ANT-S) to examine whether youth at familial risk for a mood disorder show aberrant alerting, orienting and executive attention, compared to aged-matched healthy controls.
Methods

Participants
Fifty-six youth (8-17 years old) participated. Of these, 29 (15 female; mean age¼14.10; SD ¼2.06) were at risk for mood disorders (Mood-Risk), by virtue of having a parent diagnosed with either BD (type I or II) (n¼18; 9 females; mean age¼14.77; SD¼2.21) or MDD (n ¼11; 6 females; mean age¼13.00; SD¼1.20) and 27 (21 female; mean age ¼14.20; SD¼ 2.55) were healthy control (HC) participants, by virtue of having parents and firstdegree relatives with no history of psychiatric diagnoses. Participants were recruited from ongoing longitudinal studies (NIMH R01MH060952, B.B.; K01MH073077, J.S.; PO1MH041712, N.D.R.).
The Structural Clinical Interview for DSM-IV (First et al., 1997 ) was used to ascertain current and lifetime psychopathology for both parents of all participants. The Schedule for Affective Disorders and Schizophrenia for School Aged Children-Present and Lifetime Version (Kaufman et al., 1997 ) was used to interview parents about their children and the children about themselves. Clinically trained interviewers under the supervision of a child and adolescent psychiatrist conducted the interviews; both were blind to the status of participants. All interviews were conducted at most 18 months (mean ¼5.67 months, SD¼6.83) prior to the participants' completion of the ANT-S. In addition, participants were screened on the day of the task for current psychopathology using the Stony Brook Symptom Inventory (Gadow and Sprafkin, 1998) . Exclusion criteria included IQ o70, history of head trauma, neurological disorder, unstable medical illness, and use of drugs and alcohol. Socioeconomic status was measured using the Hollingshead Four-Factor Index (Hollingshead, 1975) . The University of Pittsburgh Institutional Review Board approved the study. Parents signed consent forms, and youths signed assent forms.
Attention Network Test-Short version
The ANT-S was presented using E-prime. Stimuli consisted of a central target, an arrow pointing left or right, flanked on each side by two arrows pointing in the same (congruent condition) or opposite (incongruent condition) direction. Participants indicated whether the central arrow pointed left or right by clicking on the left or right button on a mouse. Additionally, some trials contained a cue, which consisted of an asterisk that appeared before the central target arrow. There were four cue conditions: (a) no cue (only a central fixation cross was presented), (b) central cue (central asterisk cue was presented), and (c) spatial cue (the asterisk cue was placed in the location where the central target arrow would be presented, either above or below the central fixation cross). The experiment consisted of 144 trials, divided into three blocks of 48 trials. Within each block, cue (no cue, center cue, spatial cue) and flanker (incongruent, congruent) varied in a pseudorandom order (see Fan et al., 2002) .
The ANT-S yields three dependent variables that reflect the three attention networks. An index for the alerting network is derived by subtracting the median reaction time of trials with a center cue from the median reaction time of trials without a cue. An index for the orienting network is calculated by subtracting the median reaction time of trials with a spatial cue from the median reaction time of trials with a center cue. Finally, an index for the executive attention network or conflict score is derived by subtracting the median reaction time of trials with congruent flankers from trials with only incongruent flankers.
Data analysis
ANCOVAs with Group as a between-subject factor (Mood-Risk and HC) and Age as a covariate were performed separately for mean error rates, the median reaction times for correct trials and the three attention network indices.
Results
Participant characteristics
The two groups did not significantly differ with regard to age (t ¼0.17, df ¼54; p¼0.87) and socioeconomic status (t ¼1.03, df¼47; p¼0.31), but differed in sex distribution (w 2 ¼4.13, df¼1, 54; p ¼0.04). The Mood-Risk group had a more balanced number of males and females and the control group had a higher number of females than males. Preliminary analyses did not yield significant effects of sex, thus this variable was not included in the statistical models.
Attention network test
There was no significant main effect of group in overall reaction time (RT) (F (1, 53) Table 1 and Fig. 1 Table 1 and Fig. 1 ). Secondary analyses were conducted comparing the HC group to participants at risk for BD, and participants at risk for MDD. The results trended toward an identical pattern to the analyses between the HC group and combined Mood-risk group, with MDD and BD demonstrating poorer conflict performance compared to HCs, with no significant differences between the BD and MDD subgroups on any ANT measures, all p 40.05.
Discussion
Our results demonstrated that relative to healthy controls, unaffected youth at familial risk for mood disorders exhibited poor executive attention, but normal alerting and orienting. These findings suggest that executive attention may be a potential vulnerability marker for mood disorders. A large body of literature has linked executive attention to emotion regulation (e.g., Peterson and Posner, 2012) , which in turn is thought to play a role in mood disturbance. It is therefore possible that executive attention represents a vulnerability marker for mood disorders by undermining emotion regulation abilities. Studies showing abnormal neural correlates of emotion regulation in unaffected youth at familial risk for mood disorders (Joorman et al., 2012; Mourao-Miranda et al., 2012 ) support this view.
We did not find differences between the groups on the alerting and orienting indices.
To the best of our knowledge, no study has examined orienting processes in individuals at risk for mood disorders, but a few studies have found poor alerting performance in this population (e.g., Bora et al., 2009; Grunebaum et al., 1978) . However, these studies used different tasks, such as the continuous performance task, that may tap other processes in addition to alerting. It should also be noted that evidence suggests that the alerting and orienting indices of the ANT have low reliability, which may explain lack of group differences in the current study.
(The executive attention index demonstrated acceptable psychometric properties) (MacLeod et al., 2010) .
Although our study has some notable strengths including a well characterized sample of unaffected youth, there are a number of limitations that merit consideration. The crosssectional design limited our ability to investigate whether altered executive attention was associated with future onset of mood disorders. Additionally our small sample, due to the use of stringent eligibility criteria, may have limited our ability to detect statistically significant differences between each of the mood-risk groups (i.e., MDD-risk group and the BD-risk group) and the HCs. We also did not control for family environmental factors that could potentially contribute to poorer executive attention performance. However, even though these environmental factors could influence the future development of a mood disorder in these youth, the only study that examined such influence on attention and executive functioning in unaffected youth at risk for mood disorders, failed to find any associations (Klimes-Dougan et al., 2006) .
In sum, our study lends support to research establishing executive attention as a potential endophenotype for mood disorders. Longitudinal studies with larger samples of offspring at familial risk for BD and MDD are needed to investigate the role of executive attention in the future onset of mood disorders.
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